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Abstract. As defense against oxidative stress, living systems employ antioxidants that they 
either produce or take up from the environment. Among these α-tocopherol and ascorbic acid are some 
of the most important and have been shown to protect cell components against oxidation. The goal of 
this research was to establish whether supplementation with α-tocopherol or/and ascorbic acid could 
improve viability and maturation of porcine oocytes. Pig oocytes were cultured for 44-45 hours at 
37°C in 5% CO2 atmosphere in M199 containing 20 µM α-tocopherol or/and 750 µM ascorbic acid. 
Afterwards, cumulus oophorus expansion was assessed and oocytes were denuded. Viability and the 
presence of the first polar body were assessed by fluorescent staining with 3’, 6’ fluorescein diacetate 
and Hoechst 33258. Differences between treatments were analyzed by the analysis of variance and 
interpreted using the LSD test. Supplementation with 750 µM ascorbic acid and the combination of α-
tocopherol and ascorbic acid resulted in significantly greater (p<0.05) percentages of COCs that were 
scored as 3. Overall, cumulus expansion was promoted by the 750 µM ascorbic acid treatment. The 
percentages of oocytes with a visible first polar body were highest when ascorbic acid and the 
antioxidant mix were added to the maturation media. However, these supplementations had a negative 
effect on oocyte viability. This was maximal if 20 µM α-tocopherol was present the medium. The 
research indicates that 20 µM α-tocopherol has a positive influence on preserving oocyte viability 
while 750 µM ascorbic acid and the antioxidant combination promote cumulus oophorus expansion 
and the formation of the first polar body. 
 




The multifaceted complex of factors involved in oocyte growth and maturation 
constitutes the backbone on which embryo developmental competence is built up. Therefore, 
reduced oocyte developmental competence has been suggested as a primary reason for the 
reduced potential of in vitro-produced embryos. This has called for intensified efforts to 
successfully mature and inseminate oocytes in vitro (Watson, 2007, Zucotti et al., 2011) and 
then culture ensuing embryos to transferable stages from a large number of mammalian 
species such as the cow (Păcală et al., 2011). 
Although, the in vitro production of swine embryos has been greatly improved, it is 
still not as efficient as its in vivo counterpart. That can be in part ascribed to the composition 
of the swine oocyte which contains very high levels of lipids: 161 µg (McEvoy et al., 2000). 
The major lipid component was triacylglycerol, followed by cholesterol and 
phosphatidylcholine. Analysis of fatty acids esterified to the individual phospholipids and 
neutral lipids has shown that there are high levels of palmitic acid (16:0) and the 
monounsaturated fatty acid oleic acid (18:1). Triacylglycerol, free fatty acids and most of the 
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phospholipids, particularly phosphatidylethanolamine, are considerably enriched in n-6 
polyunsaturated fatty acids, specifically linoleic (18:2), arachidonic (20:4) and adrenic (22:4) 
acids (Homa et al., 1986). 
Protection of the fatty acid and lipid components of oocytes and embryos that render 
them susceptible to free radical or other oxidative injury may prevent some of the damage 
currently associated with in vitro culture. 
Free radicals function as signal molecules by activating transcription factors and 
enzymatic reactions thus being involved in regulating embryo development and implantation 
(Guerin et al., 2001). Their negative effects are cause by endogenous overproduction and 
exogenous sources that lead to an imbalance in redox metabolism and therefore to oxidative 
stress. 
Although cells possess systems (enzymatic as well as non enzymatic antioxidants) that 
can neutralize free radicals, these are also scavenged by exogenous antioxidants such as Cu, 
Se, Mg, Zn, ascorbic acid (vitamin C) and α-tocopherol (vitamin E) (Socaciu, 2002). 
Tocopherols (vitamin E), the most important lipid soluble antioxidants in the cell can 
be found in significant amounts in the ovary and the follicular fluid (Attaran et al., 2000). 
They protect polyunsaturated fatty acids in membranes against free radicals (Tao et al., 2004) 
and improve the development of bovine embryos (Olson and Seidel, 2000). 
Ascorbic acid is the most important antioxidant outside the cell (Warren et al., 2000). 
It functions as a reducing agent of oxygen and cytocromes c and a, but can also protect 
membranes against peroxidation. 
The objective of this research was to establish whether supplementation with α-
tocopherol or/and ascorbic acid could improve viability and maturation of porcine oocytes. 
 
MATERIALS AND METHODS 
 
Collection and maturation media. The medium used for harvest was M 199 
supplemented with L-glutamine (3.4 g/l), NaHCO3 (2.2 g/l), Hepes (25 mM), penicillin (100 
µg /ml) and streptomycin (100 IU/ml).  
For oocyte maturation M 199 was supplemented with L-glutamine (3.4 g/l), Chorulon 
(10 IU/ml), Folligon (10 IU/ml), foetal bovine serum 10%, penicillin (100 µg /ml) and 
streptomycin (100 IU/ml). Stock solutions were prepared by dissolving α-tocopherol in 95% 
ethanol and ascorbic in ultrapure water. Afterwards, stock solutions were added to the 
maturation medium both separately and together. In both instances the final concentrations 
were 20 µM α-tocopherol and 750 µM ascorbic acid. 
Oocyte collection and maturation. Ovaries were collected from pre-pubertal gilts and 
transported to the laboratory in a thermal container containing sterile saline solution (NaCl 
0.9%) at 37°C supplemented with penicillin (100 µg /ml) and streptomycin (100 IU/ml). The 
contents of follicles of 2-6 mm in diameter on the ovarian surface were aspired with a 10 ml 
syringe equipped with an 21-gauge needle and collected a Petri dishes containing harvest 
medium. Oocytes with a uniform ooplasm and compact cumulus cell mass were washed 2 
times with harvest medium and then placed in 40 µl droplets of maturation medium 
containing the various antioxidant concentrations. All the droplets were covered in paraffin oil 
and incubated for 44-45 hours at 37°C in an atmosphere with 5% CO2. 
Maturation assessment. Cumulus oocyte complexes (COCs) were evaluated using an 
Olympus inverted phase contrast microscope, in order to assess cumulus oophorus expansion 
and/or the presence of the first polar body. Cumulus expansion was assessed by a subjective 
scoring method (Downs et al., 1989). Briefly, no response was scored as 0, minimum 
observable response as 1, expansion of outer cumulus-enclosed oocyte layers as 2, expansion 
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of all cumulus-enclosed oocyte layers except the corona radiata as 3, and expansion of all 
cumulus-enclosed oocyte layers as 4. According to previous research in the field the oocytes 
that were scored as 3 and 4 were considered to be mature (Tao et al., 2004). Each group was 
compared to the control in order to establish whether any differences existed between the 
degrees of cumulus expansion and if they were significant. 
After cumulus expansion assessment, the COCs were transferred to PBS with 5 mg/ml 
bovine serum albumin (BSA) and mechanically denuded using a micropipette. Then they 
were transferred to PBS containing 1 µg/ml 3’, 6’ fluorescein diacetate (FDA) and 20 µg/ml 
Hoechst 33258, incubated for 15 minutes and viewed under ultraviolet (UV) illumination with 
an Olympus inverted microscope. Live oocytes appeared bright green (FDA positive), and 
their chromosomes were labelled with the Hoechst 33342, being blue under UV light. The 
cytoplasm of dead oocytes was FDA negative and they were dark.  
For both experiments differences between treatments were analyzed by the analysis of 
variance and interpreted using the LSD test and the program Excel (Microsoft). For all 
comparisons, the values were considered statistically significant when p < 0.05. 
 
RESULTS AND DISCUSSION 
 
The goal of this study was to establish whether supplementation with α-tocopherol (20 
µM) or/and ascorbic acid (750 µM) could improve the viability and maturation of porcine 
oocytes. First, maturation was assessed by indirect means such as cumulus oophorus 
expansion (Fig. 1). According to this method and depending on expansion state oocytes could 
be placed in five different groups. These ranged from 0 which meant that no expansion had 




Fig. 1. Several stages of cumulus oophorus expansion: stage 1 (A), stage 3 (B), stage 4 (C) (Ob. 40x). 
 
 
Oocytes could be included in all of the five groups except for 0. For expansion stage 1 
percentages of COCs cultured in antioxidant supplemented medium were inferior to the 
control for all treatments (Tab.1). Percentages of COCs scored as 2 were higher than the 
control when 20 µM α-tocopherol or 750 µM ascorbic acid were used. However, the 
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Tab. 1 
Percentages of COCs at each stage of cumulus expansion  
after culture in antioxidant supplemented medium 
 
Percentage of COCs at each stage of cumulus expansion Treatment 
Number of 
assessed 
COCs 0 1 2 3 4 
Control 177 0 12,42 25,42 31,07 31,07 
E20 229 0 9,17 17,90 34,06 38,86 
C750 251 0 5,57 20,31 42,62 (**) 31,47 
E20+C750 247 0 6,88 27,93 40,08 (*) 25,10 
*-significant and positive (p<0.05); **-distinctly significant and positive (p<0.01) 
 
This indicates that culture in media supplemented with α-tocopherol or ascorbic acid 
allowed a decrease in the number of oocytes that reached lower expansion stages. 
When considering higher expansion stages, namely 3 and 4, the situation was 
reversed. If cultured in medium supplemented with a combination of α-tocopherol and 
ascorbic acid the number of expanded COCs to be scored as 3 was significantly greater 
(p<0.05) than the control (Tab.1). The differences became distinctly significant (p<0.01) for 
the 7500 µM ascorbic acid concentration. At the 4th stage, the antioxidant mix caused a 
decrease below the control in percentages of COCs while the other supplementations had the 
opposite effect. 
In order to better assess the influence ascorbic acid and α-tocopherol had on cumulus 
oophorus expansion expans on stages were divided into categories. These were unexpanded 
COCs that included stages 0, 1 and 2 and expanded ones, namely stages 3 and 4 (Tab. 2). 
According to Tao et al. (2004) oocytes that were scored as 3 and 4 were considered to be 
mature. For this experiment the best results were provided by medium supplemented with 750 
µM ascorbic acid, which yielded the highest percentage of expanded COCs. All treatments 
resulted in percentages that were superior to the control. However, none of the differences 
were statistically significant. 
 
Tab. 2 
Percentages of COCs in the 2 expansion groups after culture 
in antioxidant supplemented medium 
 
Percentage of COCs in the 2 expansion groups Treatment Number of 
assessed COCs 0+1+2 3+4 
Control 376 36,96 63,04 
E20 429 28,20 71,80 
C750 465 27,52 72,48 
E20+C750 452 33,84 66,16 
 
Viability and nuclear maturation signalled by the formation of the first polar body 
were evaluated by direct means such as fluorescent staining using FDA and Hoechst 33258. 
 In the cell FDA is cleaved by esterase enzymes to form fluorescein that appears green 
under ultraviolet light. Cells having esterase activity but with a damaged membrane will loose 
fluorescein quickly and dim. Thus, viable oocytes having normal enzyme activity appear 




Fig. 2. FDA stained viable oocytes with normal esterase activity fluoresce green (B)  
while dead oocytes are not coloured. These can also be seen in visible light (A) (Ob.10x). 
 
The percentage of oocytes having normal enzyme activity was maximal for the 20 µM 
α-tocopherol supplementation (Tab.3), the difference being distinctly significant (p<0.01). 
The value for C750 was significantly higher than the control (p<0.05). 
Tab. 3 
Viability of oocytes after culture in antioxidant supplemented medium 
 
Treatment Number of assessed 
oocytes 
Percentage of live 
oocytes 
Percentage of dead 
oocytes 
Control 121 86,78 13,22 
E20 133 100,00 (**) 0,00 (°) 
C750 159 98,11 (*) 1,89 (°) 
E20+C750 138 93,48 6,52 
*-significant and positive (p<0.05); **-distinctly significant and positive (p<0.01); 
°-significant and negative (p<0.05) 
 
Consequently the percentages of dead or damaged oocytes decreased. Adding 
antioxidants to the culture media during maturation resulted in a larger number of oocytes 
with expanded cumulus oophorus that were afterwards proven to be viable while having an 
undamaged membrane. 
Hoechst 33258 stains DNA making the first polar body visible. Sometimes the 
metaphase plate could also be seen (Fig. 3, B). The morphology of these cells was that of high 
quality, mature oocytes having a well marked membrane that encloses a uniformly coloured 
cytoplasm. They had increased periviteline space and the first polar body was apparent in 
visible light (Fig. 3, A). 
 
 
Fig. 3. Oocyte with a fluorescent blue first polar body (PB 1), also seen in visible light (A)  
and metaphase plate (MP) stained with Hoechst 33258 (B) (Ob. 20x). 
B A 




The percentage of oocytes that had a blue stained first polar body was inferior to the 
control for the 20 µM α-tocopherol supplementation (Tab.4). However values for ascorbic 




Nuclear maturation of oocytes after culture in antioxidant supplemented medium 
 
Treatment Number of assessed 
oocytes 
Oocytes with a visible first 
polar body (%) 
Control 304 54,61 
E20 302 53,31 
C750 375 57,33 
E20+C750 282 57,45 
 
Given the evidence provided by the three assessment techniques it can be argued that 
α-tocopherol has a positive influence on preserving oocyte viability while ascorbic acid and 
the antioxidant combination promote cumulus oophorus expansion and the formation of the 
first polar body. 
Cumulus cells act as a ‘go-between’ between the oocyte and the follicular or culture 
environment, exchanging pyruvate (Paradis, 2009), ATP and glutathione (Cui et al., 2009). 
The intercellular communication between the oocyte and the cumulus cells takes place via gap 
junctions establishing a route by which direct transfer of substances important for oocyte 
growth and maintenance of meiotic arrest can take place. Cumulus cell metabolism is 
influenced by LH and FSH but also by factors produced in the oocyte. These are members of 
the TGF-β superfamily of proteins such as GDF9 and BMP (Zhu et al., 2008). They induce 
expansion of the matrix formed by cumulus oophorus cells together with proteoglycans, 
hyaluronic acid and containing proteins such as TSG-6 and IαI but also the enzyme 
ciclooxygenase 2 (Richards et al., 2002). This mechanism which has not been fully 
deciphered and oocyte maturation are greatly influenced by the ability of cumulus cells to 
function properly. 
Ascorbic acid (750 µM) alone or in combination with 20 µM α-tocopherol had a 
positive effect on cumulus oophorus expansion. This is in accordance with the experiments of 
Tao et al. (2004) who found that 20 µM α-tocopherol facilitates the meiotic maturation of 
denuded oocytes. The same α-tocopherol concentration but also 250 µM ascorbic acid 
inhibited the DNA fragmentation of cumulus cells. However in their experiment both 
antioxidants compromised the viability of cumulus-enclosed oocytes. 
This has not been the case here, where α-tocopherol supplementation had a positive 
effect on viability. We have also found that the presence of ascorbic acid and the antioxidant 
mix in maturation media lead to a decrease in viability coupled with a beneficial effect on 
cumulus oophorus expansion and the formation of the first polar body. 
During in vitro maturation, α-tocopherol content naturally present in the membranes of 
cumulus-oocyte complexes diminished by 50%, indicating the partial loss of antioxidant 
activity during the period of in vitro culture (Dalvit et al., 2005). It is probable that the lipid 
soluble α-tocopherol could be better distributed throughout the lipid rich environment of the 
oocyte and thus contributes to maintaining cell viability. 
Ascorbic acid has been found to improve the development of swine embryos by 
preventing irreversible damage to the cell organelles (Hossein et al., 2007). It becomes 
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apparent that oocytes can also benefit from its addition to media given that it has had the best 
effect on cumulus oophorus expansion and the formation of the first polar body. 
It has also worth mentioning that at these concentrations the antioxidant mix did not 
have better effects than ascorbic acid, but when considering nuclear maturation they did 
surpass those of α-tocopherol. It has been postulated that together with carotenoids they are 
part of an antioxidant network that functions in the cell (Stahl and Sies, 2003). Perhaps 




Our research indicates that 20 µM α-tocopherol has a positive influence on preserving 
oocyte viability while 750 µM ascorbic acid and the antioxidant combination promote 
cumulus oophorus expansion and the formation of the first polar body. 
At these concentrations the antioxidant mix did not have better effects than ascorbic 
acid, but when considering nuclear maturation they did surpass those of α-tocopherol. 
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